Objectives: To examine the associations between life-course education and late-life cognitive function along with the modifying role of migration history. Method: The combined sample includes 1,789 participants from the Sacramento Area Latino Study on Aging and 5,253 participants from the Mexican Health and Aging Study. Aged 60+ at baseline, participants were classified as Mexican residents, Mexicans-return migrants, Mexicans-immigrants to the United States, and Mexicans-U.S. born. Cognitive function was measured using standardized z scores of a short-term verbal recall test. Multivariate linear regression analysis was conducted. Results: Participants' z scores were higher among those whose mother had more than elementary education Journal of Aging and Health 23 (7) (β = 0.28, p < .05). Participant's education mediated this association. For 5-year difference in education, the cognitive z score increased by 0.3 points for a U.S. born. Results were similar with father's education. Discussion: Adult educational attainment mediates the effect of childhood socioeconomic status on late-life cognition. Migration plays a role in shaping cognitive aging.
Introduction
There is a wealth of data that shows an association between adulthood socioeconomic status (SES), education in particular, and cognitive function in middle to late life (Cagney & Lauderdale, 2002; Elias, Elias, D'Agostino, Silbershatz, & Wolf, 1997; Farmer, Kittner, Rae, Bartko, & Regier, 1995; Masel & Peek, 2009 ; Singh-Manoux, Richards, & Marmot, 2005) . Such associations have been increasingly traced to early-life socioeconomic conditions (Kaplan et al., 2001; Wilson et al., 2005 ) whose effects on health status continue into adulthood. Previous evidence demonstrates the importance of childhood SES in predicting developmental outcomes. For example, children born to low-SES backgrounds are more likely to have lower educational opportunities and be less exposed to learning and stimulating environments (Ben-Shlomo & Kuh, 2002; Bradley, Corwyn, McAdoo, & Coll, 2001; Fernald et al., 2006) . The clustering of risks associated with early-life stressors affects cognitive development in children and cognitive achievement across the life course (Clarke, Grantham-McGregor, & Powell, 1991; Cravioto, Delicardie, & Birch, 1966; Duncan, Brooks-Gunn, & Klebanov, 1994; Hackman & Farah, 2009; Paine, Dorea, Pasquali, & Monteiro, 1992) . Accordingly, the study of SES using a life-course approach is important for understanding its influence on cognitive function (Harper et al., 2002; Kaplan et al., 2001; Karlamangla et al., 2009; Kok et al., 2006; Turrell et al., 2002) .
Recently, there has been increasing evidence that documents racial and ethnic disparities in cognitive function (Schwartz et al., 2004; Zsembik & Peek, 2001) as well as disparities in the life-course trajectories of important risk factors for health and cognitive decline in old age (Clarke, O'Malley, Johnston, & Schulenberg, 2009; Haas & Rohlfsen, 2010) . Importantly, such health trajectories may be affected by life experiences such as migration which is often associated with dramatic changes in the social, economic, cultural, and physical environments. Indeed, changes associated with migration have been shown to affect SES trajectories of U.S. Hispanics (Colon-Lopez, Haan, Aiello, & Ghosh, 2009; Haan, Zeki Al-Hazzouri, & Aiello, 2011) which in turn influence cognitive function later in life (Haan et al., 2011) . U.S. Hispanics have also shown a greater prevalence of important health-risk factors such as type 2 diabetes compared with Mexicans residing in Mexico (Burke, Williams, Haffner, Villalpando, & Stern, 2001; Stern et al., 1992) . Consequently, the complex experience of U.S. Hispanics provides us with a great opportunity to investigate the interplay of migration and life-course socioeconomic circumstances in shaping biobehavioral pathways.
Most, if not all, studies of migration and health are often complicated by selection on health such that migrants tend to be healthier, at least initially, than those who remained in the home country as well as healthier than their native counterparts in the receiving country. Such biases might be clarified by comparisons of nonmigrants in the home country with migrants from the home country and with those born in the "receiving" country whose ancestors migrated from the home country. This work extended previous research and filled the gap by combining samples from the sending country (Mexico) and the receiving country (United States). We evaluated the following hypotheses:
Hypothesis 1: Higher parental education predicted better cognitive function later in life. Hypothesis 2: Participants' educational attainment mediated the associations between parental education and cognitive function. Hypothesis 3: Migration status modified the associations between participant's education and cognitive function.
Method

Study Population
This study was based on cross-sectional analysis of baseline data from the Sacramento Area Latino Study on Aging (SALSA) and the Mexican Health and Aging Study (MHAS). SALSA is a longitudinal cohort study of 1,789 community-dwelling older Mexican Americans residing in California's Sacramento valley and aged 60 to 101 years at baseline in 1998-1999. The participants were reassessed every 12 to 15 months through 2008. The study population and the recruitment of SALSA participants have been described elsewhere (Haan et al., 2003) . SALSA was approved by the institutional review board (IRB) at the University of California, San Francisco and Davis, and the University of Michigan. MHAS is a two-wave prospective panel study of Mexican residents aged 50 and above in 2001 based on the 2000 Mexican National Employment Survey. A total of 5,253 sampled participants aged 60 and above at baseline were included in the present analysis. A detailed description of MHAS study has been published elsewhere (Wong & Diaz, 2007; Wong, Pelaez, Palloni, & Markides, 2006) . MHAS was approved by the IRB of the Universities of Pennsylvania, Maryland, and Wisconsin.
Measures
Cognitive function. Within SALSA, cognitive function was assessed using the Spanish and English Verbal Learning Test (SEVLT). The SEVLT is a test of short-term verbal recall that has been validated in both English and Spanish. SEVLT consists of four 15-word memory trials, an interference trial, followed by a fifth trial. Scores range from 0 to 15 for each trial. The score from the fifth trial was used as the delayed verbal recall test. Within MHAS, the test consists of three 8-word memory trials, an interference exercise, followed by a fourth trial with scores ranging from 0 to 8 for each trial. The score from the fourth trial was used as the delayed verbal recall test. The cognitive scores of each study population were separately standardized to a mean of 0 and a standard deviation of 1. The resulting cognitive z scores from SALSA and MHAS were then combined into one variable and used in the analysis. A higher z score is indicative of better cognitive performance. The short-term verbal recall test is the only cognitive test in common between SALSA and MHAS and henceforth will be referred to as cognitive function/z score throughout the article.
Parental and participant's education. Within SALSA, participants reported the years of education that their mother and father completed. Within MHAS, participants reported the highest level of education that their mother and father completed. Those variables were coded as ordinal, where 0 was coded as no education, 1 to 5 years of education as less than elementary, 6 years of education as completed elementary, and 7 years of education and above as more than elementary. Mother and father's education were examined separately in support of previous literature suggesting that mothers and fathers contribute in different ways to the socioeconomic context-cognitive function association (Kaplan et al., 2001) . Within SALSA and MHAS, participants also reported the years of education they have completed. Participant's education was used as a continuous variable.
Participant's household income and occupation. Within SALSA and MHAS, participants reported their monthly household income and/or pension. Tertiles of income were created as low, medium, or high. Within SALSA and MHAS, participant's occupation was dichotomized into manual and nonmanual. Housewives and unemployed were placed in the manual category.
Health conditions. Within SALSA and MHAS, health conditions such as type 2 diabetes, hypertension, stroke, and heart attack were self-reported by asking the participants whether a doctor or other medical personnel ever told them that they have the appropriate medical diagnoses. Having medical insurance was self-reported and was coded as yes or no.
Migration status. Within SALSA, migration status was determined by asking participants about their country of birth. Nearly 50.8% of SALSA participants were immigrants. Within MHAS, migration status was determined by asking participants about their migration history. Participants were either nonmigrant permanent residents of Mexico or migrants to the United States who returned back to Mexico. Approximately, 89% of MHAS participants in this analysis never migrated from Mexico.
Statistical Analysis
The sample included four comparison groups based on the participant's migration status: (a) Mexican residents (Mx), (b) Mexicans-return migrants (Mx-Rm), (c) Mexicans-permanent immigrants to the United States (Mx-Img), and (d) Mexicans-U.S. born (Mx-U.S. born). Groups 1 and 2 were from MHAS and Groups 3 and 4 were from SALSA. Mexican resident (Mx) was used as the reference group in regression models. Mother's and father's education were coded into indicator variables as none, some elementary, completed elementary, and more than elementary. "None" was used as the reference category in regression models. The distribution of descriptive characteristics was examined across the comparison groups and group differences within SALSA and MHAS were tested using one-way analysis of variance (ANOVA) for continuous variables and chi-square tests for categorical variables.
Generalized linear regression models were used to evaluate the associations between parental education and the participant's cognitive z score while adjusting for covariates. Those covariates were selected based on the literature and on their association with both parental education and the participant's cognitive z score. Model 1 adjusted for age and gender; Model 2 added adjustment for participant's education; Model 3 added adjustment for migration status, household income, participant's occupation, health conditions, and medical insurance; Model 4 added adjustment to Model 2 for migration status and interactions between migration status and participant's education; and Model 5 adjusted simultaneously for all covariates. Regression coefficients (beta estimates) and standard errors were computed. The two data sets were combined and all models either included a study term referring to SALSA or MHAS or included the participant's migration status. All analyses were conducted using SAS v.9.2 (SAS Institute, 2005).
Data Imputation
In an attempt to deal with any biasing effects of missing data, a multiple imputation approach was performed for the entire SALSA data set. This approach conditioned on all observed variables as predictors in a sequential regression multivariate imputation (SRMI) (Raghunathan, Lepkowski, Van Hoewyk, & Solenberger, 2001; Rubin, 1987) . By using all available variables, the multiple imputation approach provided less biased estimates and improved efficiency, compared with other alternative analytical approaches such as the listwise deletion analysis. Moreover, whereas the listwise deletion approach assumes that data are missing completely at random, which is rarely valid in epidemiologic studies (Rubin, 1976) , the SMRI approach used in this analysis imposes a less restrictive assumption on missing data. Five data sets were imputed for SALSA using the Imputation and Variance Estimation Software (Raghunathan, Solenberger, & Hoewyk, 2009 ). In the present analysis, we only used imputed data for mother and father's education. Five sets were run for all corresponding regression analyses and were summarized using the "MIANALYZE" procedure in SAS v.9.2. Table 1 presents study-specific baseline characteristics by migration status within each study. Within MHAS, the majority of Mexicans-return migrants was men and more likely than nonmigrants to be former or current smokers and to have ever consumed alcohol. Return migrants were also more likely to have higher household income than nonmigrants. Other baseline characteristics did not differ by migration status including years of educational achievement, major lifetime occupation, cognitive z scores, medical conditions, and parental education.
Results
Within SALSA, immigrants to the United States were older and less educated than the U.S. born. Compared with immigrants, the U.S. born were less likely to have never smoked and more likely to have ever consumed alcohol. The U.S. born had significantly higher cognitive z scores than immigrants. The U.S. born were more likely to suffer from diabetes, stroke, and hypertension and to have medical insurance. The U.S. born were more likely to have a nonmanual occupation and to report a higher household income compared with immigrants. Whereas father's education did not differ by migration status, the U.S. born were more likely to have mothers who achieved higher levels of education compared with immigrants. Figure 1 illustrates the distribution of unadjusted cognitive z scores of the participants by migration status. Overall, cognitive z scores were higher among the U.S. born (median = 0.22; mean ± SD = 0.15 ± 0.99) compared with U.S. immigrants (median =-0.10; mean ± SD = -0.14 ± 0.99), nonmigrant residents of Mexico (median = 0.17; mean ± SD = 0.01 ± 1.00), and return migrants (median = 0.17; mean ± SD = -0.04 ± 0.98). Table 2 presents study-specific results from linear regression models for the bivariate associations between parental education and the participant's cognitive function, by study and migration status. Within MHAS, higher father's education was associated with better cognitive function among nonmigrants. Return migrants whose fathers completed more than elementary showed better cognitive function than those whose fathers had no education. Higher mother's education was associated with better cognitive function among nonmigrants but not for return migrants whose mothers completed elementary education.
Within SALSA, no significant associations were observed between father's education and cognitive function. Immigrants to the United States whose mothers completed elementary showed better cognitive function than those whose mothers had no education. The U.S. born whose mothers completed more than elementary education showed significantly better cognitive function compared with those whose mothers had no education. Table 3 presents the results of a series of linear regression models for the associations between mother's education and participant's cognitive function. In Model 1, participants whose mothers had any education were likely to show better cognitive function than those whose mothers had no education. For example, the cognitive z score of participants whose mothers had more than elementary was 0.28 of a z score compared with participants whose mothers had no education. Adjusting for participant's education in Model 2 reduced the associations between mother's education and participant's cognitive function. For participants whose mother had more than elementary, adjustment for participant's education reduced the coefficient by 75%. Associations between mother's education and participant's cognitive z scores remained unchanged after adding adjustment for migration status, health conditions, and household income in Model 3. In Models 2 and 3, the adjusted associations between mother's education and participant's cognitive function were nonsignificant. Model 4 added interaction terms between participant's education and migration status (ref = nonmigrating resident of Mexico). The association between participant's education and cognitive function was significantly different by migration status for the U.S. born (p < .05). For every 5-year difference in education, the cognitive z score of a U.S. born increased by 0.3 points of a z score (or 6.3% on the raw cognitive score). The latter interaction remained significant in the fully adjusted Model 5. Table 4 presents the results of a series of linear regression models for the association between father's education and participant's cognitive function. In Model 1, participants whose father had higher educational levels were likely to show better cognitive function than those whose father had no education. For example, the cognitive z score of participants whose father had more than elementary was 0.23 of a z score compared with participants whose father had no education. Adjusting for participant's education in Model 2 reduced the associations to nonsignificance between father's education and cognitive function. For participants whose fathers had more than elementary education, adjustment for participant's education reduced the coefficient by 86.9%. Associations between father's education and participant's cognitive z scores remained unchanged after adding adjustment for migration status, health conditions, and household income in Model 3. Model 4 added interaction terms between participant's education and migration status (ref = nonmigrating resident of Mexico). The association between participant's education and cognitive function was significantly different for the U.S. born (p < .05). For every 5-year difference in education, the cognitive z score of a U.S. born increased by 0.3 points of a z score. The latter interaction remained significant in the fully adjusted Model 5. Further results from mediation analysis (data not shown) showed that participant's educational achievement mediated 71.4% of the total effect between mother's education and participant's cognitive function. Participant's education also mediated 81% of the total effect between father's education and participant's cognitive function. Both partially mediated effects were statistically significant based on the computed Sobel test (Jasti, Dudley, & Goldwater, 2008) .
Discussion
Using data from MHAS and SALSA, we evaluated the three hypotheses on the associations between life-course exposure to education and cognitive function later in life among a cohort of older Mexicans and Mexican Americans. Findings from this study showed significant associations between childhood SES, indicated by mother and father's education, and participant's cognitive function later in life. The latter associations were mediated by participants' educational achievement. The association between participant's education and cognitive function was significantly different for the U.S. born compared with permanent residents of Mexico.
This study suggests that mother and father's education do not exert direct effects on cognitive function later in life. Our results are different from earlier work showing independent effects of childhood SES on late middle-age cognitive function (Everson-Rose, Mendes de Leon, Bienias, Wilson, & Evans, 2003; Kaplan et al., 2001; Luo & Waite, 2005; Turrell et al., 2002) . In a populationbased study of eastern Finnish men, lower childhood SES measured as parental education and occupation was associated with poorer late middle-age cognitive function. A residual effect of childhood SES was still observed after adjustment for educational attainment (Kaplan et al., 2001; Turrell et al., 2002) . Results from the 1998 Health and Retirement Study (HRS) showed attenuation in the effect of childhood SES, measured as parental education and occupation and financial well-being, on cognitive functioning after adjustment for adulthood SES, education, and household income in particular (Luo & Waite, 2005) . Moreover, results from the Chicago Health and Aging Project found a positive association between childhood Socioeconomic Position (SEP) and childhood cognitive milieu and cognitive function in old age, independent of one's educational attainment (Everson-Rose et al., 2003) . Our results however are consistent with other published work reporting the absence of a direct effect between childhood SES and late-life cognitive function. A longitudinal cohort study of British civil servants suggested that the influence of childhood SES on cognitive function was mediated through adult measures of SES including occupation and income (Singh-Manoux et al., 2005) . Results from the British 1946 birth cohort reported that the effect of father's occupation on midlife cognitive function was mediated by educational attainment (Richards & Sacker, 2003) .
Although our study did not find independent effects for parental education on cognitive function after accounting for their offspring's own educational achievement, this does not undermine the importance of childhood circumstances in shaping cognitive function. Childhood SES is suggested to contribute to children's cognitive development through the quality and quantity of parent-child interactions and verbalization. For example, a positive environment with a stimulating learning exposure results in better brain development due to increased neuronal branching, synaptic density, and networking (Albert, 1995; Jacobs, Schall, & Scheibel, 1993) . Similarly, the literature emphasizes the importance of intrauterine and early childhood nutritional status on cognitive development, especially in developing countries where such deprivations are common (Clarke et al., 1991; Fernald et al., 2006; Paine et al., 1992) . Our results further suggest that the influence of childhood SES on cognitive function later in life is largely mediated by educational attainment, a marker for adolescence and early adulthood SES. Although this supports a growing body of literature describing the unique and protective effect of education on cognition (Anstey & Christensen, 2000; Cagney & Lauderdale, 2002; Christensen et al., 2001; Hackman & Farah, 2009; Stern et al., 1994) , this does not mean that parental education does not have an effect on cognitive function but rather suggests that it shares the same pathway by which one's educational achievement affects cognition. These findings support a life-course explanation for the association between education and cognitive function in which it is possible that a better childhood SES environment triggers higher educational achievement and a motivation to more successful and stimulating opportunities throughout the life. These findings may also suggest that higher education contributes in old age to "brain reserve" or greater capacity through compensating strategies that help to maintain cognitive function later in life.
In the present study, higher participant's education was associated with better cognitive function. However, our findings showed that the association between participant's education and cognitive function was significantly different for the U.S. born compared with permanent residents of Mexico. In other words, with increased education, the cognitive benefit was more pronounced among the U.S. born compared with permanent residents of Mexico (the significant participant's education-migration status interactions). For the remaining migration groups (U.S. immigrants and return migrants), the cognitive benefit associated with increased education was less pronounced and similar to that of permanent residents of Mexico. Several interpretations present themselves. First, in addition to the differences in educational achievement between SALSA and MHAS participants, some of the cognitive differences observed between the four groups may possibly be attributed to the better quality of education in the United States compared with Mexico. When it comes to health outcomes such as cognitive aging, researchers in the field argue that years of education and quality of education are both important but different predictors, especially in cross-cultural research (Glymour & Manly, 2008) . Second, immigrants to the United States are usually a select group in terms of health-related and psychosocial characteristics which translate into better cognitive function later in life (Glymour & Manly, 2008) . In SALSA, the average time since migration was 40 years. We assume that this passage of several decades is likely to have reduced the effect of migration selection. Third, although migration has been linked to better cognitive aging-partly because of the intellectual and cognitive demands associated with adjustment to a new environment-it is possible that such benefits may have been buffered by migration-associated stressors (Glymour & Manly, 2008) . Despite the predicted importance of education, migration history appears to be a more important predictor of cognition and the differences observed between the four groups were not fully explained by differences in education (parental or offspring). Existing literature exploring the association between education and cognitive function among Hispanics is very scarce. Results from the Asset and Health Dynamic among the oldest old (AHEAD) study showed a ceiling effect of education on cognitive function after few years of schooling among Latinos (Cagney & Lauderdale, 2002) . Although the Latino participants of the AHEAD study were either U.S. born or foreign born, the study did not have enough power to compare the two groups. Hence, more research is needed to confirm our results and attempt to understand the mechanisms underlying migration and cognitive aging.
Our findings from the present study showed that Mexican Americans have a greater prevalence of type 2 diabetes and stroke compared with Mexicans living in Mexico. Such health conditions were also found to be associated with worse cognitive functioning. It is possible that migration to the United States results in a new cultural context that shapes risk factors for cognitive functioning through various pathways including behavioral or nutritional. Furthermore, although such risk factors may act in part as mediators on the pathway linking education and cognitive function, adjusting for them in the multivariate analyses only decreased the coefficient of participant's education by 25%. Thus, there remains a significant direct effect of education on cognitive function that is unexplained by these highly prevalent health conditions.
There are a few limitations to the conclusions of this study. First, the measures of parental education were reported by their offspring retrospectively, possibly resulting in some recall bias. Second, SALSA and MHAS differ in their eligibility criteria and in their various assessments. In an attempt to address this concern, we included in all regression models a study term referring to the data set or the migration status of the participant and cognitive test scores were standardized. Third, we were limited to using the delayed verbal recall test which is the only test in common between SALSA and MHAS and which consequently limited our ability to examine other cognitive domains. However, the delayed verbal recall test correlates highly with other tests of global cognitive function such as the Modified Mini Mental State Exam (3MSE; Gonzalez, Mungas, Reed, Marshall, & Haan, 2001) . In spite of these limitations, this is the first population-based study to examine the influence of migration on the association between life-course exposure to education and late-life cognitive function among older Mexicans and Mexican Americans. This study has also a major strength added by the large sample size offered by the two data sets, MHAS and SALSA.
Our results from this study showed an association between parental education and participant's cognitive function later in life and which was largely mediated by participant's educational achievement. Participant's migration history was found to have a modifying role on the association between participant's education and their cognitive function. With the growing Hispanic composition of the immigrant population to the United States (Pew Hispanic Center, 2010), further work exploring the interplay between lifetime exposure to education and migration on late-life cognitive function is warranted. Building on this work is important for understanding the underlying mechanisms of health disparities and for planning interventions targeted at reducing the associated health effects.
